***To the Editors:***

The recognition that the chemokine receptors CCR5 and CXCR4 act as essential receptors for the entry of human immunodeficiency virus type 1 (HIV-1) into CD4^+^ target cells has provided the basis for new treatment strategies. Although HIV-1 with CCR5 restricted phenotypes (R5) predominate during asymptomatic infection, viruses with the ability to use CXCR4 (R5X4 or X4) emerge in 13%--76% of individuals during disease progression.[@R1],[@R2] A growing bulk of evidence has also revealed that individuals with low CD4^+^ T-cell counts at late-stage disease, where a switch to CXCR4 tropism has not occurred, can harbor R5 viruses that are distinct from R5 viruses isolated at earlier disease stages.[@R3]--[@R11] Importantly, R5 virus isolates from individuals with low CD4^+^ T-cell counts have been found less sensitive to in vitro inhibition by natural CCR5 ligands and the CCR5 antagonist TAK-779.[@R3]--[@R8],[@R11] Through the use of CXCR4/CCR5 chimeric receptors, we previously showed that this correlated with an altered use of CCR5, including a decreased dependency on the native N-terminus of CCR5 for target cell entry.[@R6],[@R11]

Maraviroc (MVC) interacts with CCR5 and is currently the only CCR5 antagonist approved for the treatment of patients infected with R5 viruses.[@R12],[@R13] Before the initiation of therapy, it is recommended to perform tropism testing, in order to exclude the presence of naturally resistant R5X4 or X4 virus variants. However, also R5 viruses can display resistance to CCR5 antagonists, including isolates from treatment-naive individuals.[@R14],[@R15] Furthermore, alterations in baseline sensitivity to CCR5 antagonists in vitro may be of relevance for the clinical utilization of MVC.

As cross-resistance between different CCR5 antagonists is highly unpredictable,[@R16]--[@R21] and MVC is the only approved compound for clinical, we set out to study whether our previous findings on reduced TAK-779 sensitivity at low CD4^+^ T-cell levels[@R8],[@R11] also applied to MVC. Primary R5 isolates derived from plasma of 17 HIV-1--infected patients with varying CD4^+^ T-cell counts at the time of virus isolation were evaluated for their ability to infect phytohaemagglutinin-stimulated peripheral blood mononuclear cells in the presence of increasing MVC concentrations (see Table S1, Supplemental Digital Content, <http://links.lww.com/QAI/A763>). All isolates could be completely inhibited by MVC, ie, no isolate could be defined as MVC resistant. However, although the MVC inhibitory concentrations varied considerably between the virus isolates, we found an inverse correlation between CD4^+^ T-cell counts at the time of virus isolation and MVC IC~90~ values (r = −0.64, *P* = 0.007, Fig. [1](#F1){ref-type="fig"}A). Similar results were obtained when correlating MVC IC~50~ values and CD4^+^ T-cell counts (data not shown). It has been suggested that phenotypic resistance assays should include determination of IC~90~ because 10%--15% residual replication of resistant mutants have been detected at drug concentrations several magnitudes higher than the IC~50~ value.[@R22] Moreover, because the presence of virus variants with reduced sensitivity within heterogeneous virus isolates likely impact the upper part of the response curve (see Figure S1, Supplemental Digital Content, <http://links.lww.com/QAI/A763>), IC~90~ values may better detect the presence of virus variants in clinical samples with reduced sensitivity to MVC compared with IC~50~.

![R5 HIV-1 AIDS isolates display reduced baseline sensitivity to MVC inhibition. A, CD4^+^ T-cell counts correlate with R5 virus baseline sensitivity to MVC inhibition (r = −0.64, *P* = 0.007). B, Non-AIDS R5 isolates were more sensitive to inhibition by MVC (lower IC~90~) than patients with R5 HIV-1 AIDS (*P* = 0.004). Figures display 1 representative experiment of 3 performed.](qai-71-e79-g001){#F1}

Our studies also showed that reduced baseline sensitivity to MVC was a common finding for R5 isolates from individuals with AIDS, whereas isolates from individuals without AIDS generally were highly sensitive to MVC, *P* = 0.004 (Fig. [1](#F1){ref-type="fig"}B). These findings suggest that reduced baseline sensitivity to in vitro inhibition by MVC is a common feature also for R5 isolates from patients in late stage disease. These results are also in line with a previous study showing that late-stage macrophage-tropic R5 Env pseudoviruses displayed reduced sensitivity to MVC.[@R23]

The clinical relevance of shifts in R5 virus sensitivity to MVC in vitro is unclear. Reduced levels of MVC in cerebrospinal fluid reflect a relatively poor penetration of the compound to the central nervous system, where modest reductions in viral sensitivity to MVC may result in insufficient viral suppression.[@R24] Furthermore, in vitro selection studies have shown that parental viruses of 2 MVC resistant clones had 3--100 times higher baseline MVC IC~90~ values than 3 isolates that did not develop resistance under the same conditions.[@R21] Thus, at least in vitro, reduced baseline sensitivity to CCR5 antagonists may favor the development of fully resistant R5 viruses.

In a previous study, we dissected the mode of CCR5 use of the R5 isolates analyzed in this study.[@R11] Interestingly, by combining results from our previous study with MVC sensitivity results obtained here, we found that R5 isolates with a reduced viral dependency on the CCR5 N-terminus were less sensitive to MVC inhibition (data not shown). In support of this observation, macrophage-tropic isolates less dependent on the CCR5 N-terminus have been reported to display reduced MVC sensitivity.[@R25] In contrast, noncompetitive and high-grade resistance has been attributed to an enhanced ability of the virus to use the N-terminus of drug-bound CCR5 receptors.[@R15],[@R26] However, exceptions from this emerging paradigm exist, underscoring the complexity of the mechanisms involved in CCR5 antagonist resistance.[@R15],[@R26]--[@R28] An alternative explanation of our findings could be an increased replicative capacity by R5 HIV-1 isolates from severely immunosuppressed individuals,[@R8],[@R10] and the reduced basal sensitivity to MVC may therefore not be exclusively specific to the compound.

Several Env mutations, mainly within, but also outside of the V3 region of the *env* gene, have been linked to CCR5 antagonist resistance.[@R15]--[@R18],[@R21],[@R27],[@R29]--[@R32] However, these mutations have been Env context-dependent and there are no universal genotypic markers to distinguish resistant R5 isolates from sensitive strains.[@R29],[@R33] Several single or combined mutations within the Gp120 V3 region have also been linked to MVC resistance in vitro and in vivo.[@R21],[@R32],[@R34] In the MOTIVATE studies, analysis of HIV-1 V3 sequences collected before treatment initiation showed that 4L, 11R, and 19S polymorphisms were the only V3 polymorphisms that were associated with virologic failure.[@R32],[@R34] Whether these polymorphisms are related to alterations in susceptibility to MVC in vitro has not been investigated. To determine whether any of the R5 isolates displayed polymorphisms previously related to virologic failure during MVC treatment,[@R32],[@R34] the *env* gp120 V1--V3 region of the analyzed R5 isolates was amplified, cloned, and sequenced (see Supplemental Digital Content, <http://links.lww.com/QAI/A763>). Two isolates (13 and 23) that consistently had among the highest MVC IC~90~ values displayed the single amino acid polymorphisms 4L and 19S, respectively (see Table S1, Supplemental Digital Content, <http://links.lww.com/QAI/A763>). The 4L and 19S polymorphisms are rare, occurring only in 1%--2% of V3 sequences from individuals in various disease stages.[@R35] In our data set, these polymorphisms were found in 2 of the 3 least MVC sensitive isolates and in 2 of 9 individuals with severe immunodeficiency, suggesting that they are more common late in the disease. However, further studies on the role of the 4L and 19S polymorphisms as predictors for virologic failure at MVC treatment are needed.

In conclusion, we believe that decreased R5 HIV-1 baseline sensitivity to CCR5 antagonists displayed by isolates from individuals with severe immunodeficiency maybe clinically relevant. In line with this have low CD4^+^ T-cell counts previously been shown to be an independent risk factor for treatment failure in antiretroviral regimens including MVC.[@R36] Recent results from the MODERN study also showed that an inferior treatment outcome among individuals receiving ritonavir-boosted darunavir combined with MVC, as compared with tenofovir/emtricitabine, was specifically pronounced in patients with low CD4 T-cell count and high viral load.[@R37] We believe that our in vitro observation that non-AIDS R5 isolates generally were highly sensitive to MVC provides theoretical support for in vivo studies, suggesting a benefit of earlier initiation of CCR5 antagonist treatment rather than later.[@R38] Not only because the risk of the development of CXCR4 using virus variants increases but also due to the emergence of HIV-1 R5 viruses with reduced baseline sensitivity to MVC during severe immunodeficiency.
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